Introduction
In the steelmaking industries, fluorspar, CaF 2 , is one of fluxes most widely used to lower the melting temperature of slags, to decrease the slag viscosities, and to increase the rate of lime dissolution into slags. However, there is a strong incentive to explore suitable substitutes for fluor spar, which causes emission of hazardous fluoride species. As such alternative reagents to replace fluorspar, atten tion is focused on nepheline and/or nepheline syenite. The former corresponds to solid solutions between Na 2 O ⋅ Al 2 O 3 ⋅ 2SiO 2 (= NaAlSiO 4 ) and K 2 O ⋅ Al 2 O 3 ⋅ 2SiO 2 (= KAlSiO 4 ), while the later is one of the natural resources which contain nepheline together with potash feldspar (K 2 In the present study, the activity measurements were extended to liquid {Na 2 
Experimental aspects
The experimental apparatus is illustrated schematically in Figure 1 . An iron crucible was charged with about 35g of pure silver and 20 to 30g of slags, and heated to 1673 K under a stream of purified argon inside a SiC resistance furnace. The argon gas was supplied by Daiwayozai Co., Osaka, Japan. The commercial argon gas was purified using a gas purification train, which consisted of silica gel, phosphorus pentoxide and magnesium chips held at 823 K. The experimental procedure consisted of measuring the opencircuit emfs of the oxygen probes and subse quently sampling the slag. The zirconia probe was gradu ally moved downward until the probe contacted both the slag and the molten silver. Cell potentials generated were monitored on a stripchart recorder of 2 MW internal impedance with an accuracy of ±0.1 mV and were more accurately read with a digital voltmeter of 100 MW input resistance with an accuracy of ±0.01 mV. After the stable emfs (±0.1 mV) were obtained, the zirconia probe was raised so that the lower end of the zirconia tube located about 30 to 50mm above the surface of the slag. This procedure was repeated 3 to 4 times with a single probe until the reproducibilities of emf measurements were con firmed, and subsequently sample was withdrawn from the slag by dipping a steel rod in the molten slag for 2 to 3 seconds. The compositions of the samples were deter mined by wet chemical analysis. The zirconia probe was replaced whenever the slag composition was changed. A single experimental run with a fixed molar ratio of Na 2 O to (Al 2 O 3 + SiO 2 ) was thus continued with emf readings, sam pling, and addition procedures at a fixed temperature of 1673 K. The reproducibilities of emf measurements were also confirmed by Fe x O concentration cycling. In order to avoid composition changes due to vaporization of Na 2 O, all of slag was replaced several times during an experi mental run by using the same methods as sampling and addition procedures.
Concentrations of ferrous iron and total iron in the slags were determined by wet chemical analysis. Ferrous iron was determined by dissolving the samples in HCl under a stream of purified argon, and titrating with stan dard potassium dichromate /8/. Total iron was determined by dissolving in HCl, reducing with stannous chloride and titrating with standard potassium dichromate /9/. It is considered that FeO and FeO 1.5 form Fe x O in the slag as follows From the stoichiometric relations for iron and oxygen, equations (2) and (3) can be obtained, respectively;
where n 1 , n 2 and n denote the numbers of moles of FeO, FeO 
Experimental results and discussion
The opencircuit emf, E, of the cell used in this study is given by /10/;
where R is the gas constant, T is temperature, F is the Faraday constant, E t is thermoemf between Mo (+) and Fe (−) (23.6 mV at 1673 K) /4/ and P θ is the oxygen partial pres sure at which the ionic and the ntype electronic conduc tivities are equal. 
By using the average standard deviation for E, which was ±0.76 mV, the uncertainty of a Fe x O was estimated to be approximately ±1 percent. In Table 1 , the limits of the accuracy are given for the individual activity data. The uncertainty in the slag composition, which did not exceed ±0.02 in mole fraction, arisen from mainly from errors in chemical analysis.
Xray diffraction analysis confirmed that all the slag compositions investigated in this study were in the homo geneous liquid region. 
Equations (11) and (12) 
On the other hand, equation (12) indicates that iron oxide in basic or amphoteric melts would behave as an ampho teric oxide expressed as follows. } should decrease with an increase in basicity or oxygen anion activity. For basic melts, the reverse should hold true, because the oxidationreduction equilibrium would be prevailed by reaction (18) . Figure 6 shows 
